Summary
The maximum beam intensity achieved in the ISR has been limited up to now by the beam induced pressure rise which builds up with the stacked proton current. This pressure increase can be explained by ion induced gas desorption from the vacuum chamber. The pressure P, as a function of the stacked proton current I, can be described in good approximation by P = Pa/p-(kn/S)I], where P, is the pressure without beam, S the pumping speed, n the net gas desorption coefficient in molecules per incident gas ion and k is a constant. This concept shows the existence of a critical current at which the pressure goes to infinity. The desorption coefficient depends on the primary ion energy, the type of ions and above all, on the surface conditions. Surface treatments yielding low and even negative values of n are discussed together with experimental results obtained.
Introduction
The present limit on beam current in the CERN Intersecting Storage Rings (ISR) has been determined above all by the performance of the vacuum system. The average pressure along the 1 km vacuum pipe which has been in the low lo-lo torr range (and a current improvement program is reducing this even further to about 2 x 10-l' torr), yields low beam decay and blow-up rates up to moderate currents. However, when stacking 'to high currents one or more localised pressure rises may appear which lead to a rapid decay and, if stacking is continued, the beam gets lost due to the various types of beam instabilities or the internal dumping mechanism triggered by the vacuum interlocks. Fig.  1 Here A denotes the chamber cross-section, g the outgassing load per unit length, c the conductance per unit length of the vacuum pipe and L the half distance between pumps of speed S. The boundary condition is derived from putting the gas flow at the end points equal to the gas pumped.
The solution of equation (1) can be obtained by separating the variables x and t and represented by a Fourier series. J n(x,t) = c COSh" Fram :!I? starting canditi+oe one finds
is the initial gas distribution. The term containing the beam desorption is F = cX2 -cni.Since a finite equilibrium pressure can 0x1~ cx?st for nenegative exponents in equation (2) it follows that for stability the product n1 must be less than the critical
Here the conversion is made from protons per second to beam current I in A, e = 1,6 x 10-l' C and X is the first root of equation (3) The desorption coefficient n, will depend in a rather complex way on the state of the surface and on the type and energy of the bombarding ion. Fcr a phenomenological approach it is therefore convenient to consider n as the difference of two quantities, aI -ir2: 'x1 being the number of gas molecules released per incident ion and "2 the probability of the primary ion sticking to the surface. Since a2 cannot exceed unity it follows that n >, -1.
The desorption is likely to depend rather strongly on the surface coverage of adsorbed molecules 6, and therefore e1 will be the dominant term for a dirty or contaminated vacuum chamber. The sticking probability a2 on the contrary will probably be essentially indepen-. dent of B with perhaps a small increase as the surface contamination is reduced and more sites become available for adsorption.
One may therefore expect an approximate overall proportionality between n and 6 for high degrees of contamination with a limiting value of -1 for vanishing 0.
At moderate and high energies (e.g. Ei > 500 eV) the desorption term "1 dominates and n will be roughly proportional to the primary ion energy2. At lower energy, especially for clean chambers, n will be determined by both "I and ~1~. The term "2) depending on various phenomena such as ion adsorption, backscattering and ion burial, may account for the systematically observed rapid rise of n at low energies as seen on Fig. 4 Cross-section of the experimental arrangement to study ion induced gas desorption effects.
Results of various surface treatments i) Rake-out
The ISR vacuum system has been designed fGr insitu bake-out temperatures of up to 300° C. In tile early phase of operation, only mild 6-hour bake-outs at 2000 C were made which proved to be insufficient as evidenced by the appearance of the pressure bump phenomenom at the 4 to 5 A level.
The more rigorous bake to 300° C for 24 hours reduced n in the worst places by at least a factor of two and beam currents of up to 10 A could be obtained.
Repeated bake-outs seem to give still further improvement but the effect is marginal.
Also there are practical limits to lengthening the time to excess of 24 hours and unfortunately only at some places it is possible to increase the temperature above 300° C. Bake-outs at 340° C prove indeed to be very effective as is shown in Fig. 4 , comparing o as a function of ion energy for one 300° C and a subsequent 340' C bake-out. The improvement in terms of n is about one order of magnitude.
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